ABSTRACT. Climate change presents new challenges for the management of social-ecological systems and the ecosystem services they provide. Although the instrument of payments for ecosystem services (PES) has emerged as a promising tool to safeguard or enhance the provision of ecosystem services (ES), little attention has been paid to the potential role of PES in climate change adaptation. As an external stressor climate change has an impact on the social-ecological system in which PES takes place, including the various actors taking part in the PES scheme. Following a short description of the conceptual link between PES and adaptation to climate change, we provide practical insights into the relationship between PES and adaptation to climate change by presenting results from a case study of a rural watershed in Kenya. Drawing upon the results of a participatory vulnerability assessment among potential ecosystem service providers in Sasumua watershed north of Nairobi, we show that PES can play a role in enhancing adaptation to climate change by influencing certain elements of adaptive capacity and incentivizing adaptation measures. In addition, trade-offs and synergies between proposed measures under PES and adaptation to climate change are identified. Results show that although it may not be possible to establish PES schemes based on water utilities as the sole source of financing, embedding PES in a wider adaptation framework creates an opportunity for the development of watershed PES schemes in Africa and ensures their sustainability. We conclude that there is a need to embed PES in a wider institutional framework and that extra financial resources are needed to foster greater integration between PES and adaptation to climate change. This can be achieved through scaling up PES by bringing in other buyers and additional ecosystem services. PES can achieve important coadaptation benefits, but for more effective adaptation outcomes it needs to be combined with vulnerability assessments and climate scenarios to ensure that these are realized and potential trade-offs between PES measures and adaptation measures minimized.
INTRODUCTION
The instrument of payments for ecosystem services (PES) has become increasingly popular, especially in the context of developing countries, given its potential to contribute to the sustainable use of natural resources and poverty reduction. Although much of the literature has focused on the potential impacts of PES on the poor (e.g., Suyanto et al. 2007 , Bulte et al. 2008 , the connection between PES and adaptation to climate variability and change has only recently begun to receive attention.
Whereas the conceptual link between PES and adaptation to climate variability and change has been made in two recent articles (van de Sand 2012a , Wertz-Kanounnikoff et al. 2011 , in this article we aim to provide some practical insights into the relationship, drawing upon a case study of a rural watershed in Central Kenya. Given the need for adaptation and the fact that PES schemes in Africa are only beginning to emerge, gaining practical insights into the relationship between PES and adaptation as well as synergies and trade-offs between the two is important for further development of PES-schemes in Africa.
We show that implementation of a PES incentive mechanism between Nairobi City Water and Sewerage Company (NCWSC) and farmers to adopt soil and water conservation strategies can have positive cobenefits and reduce vulnerability to climate variability and change for both ecosystem service (ES) providers and buyers. However, financial constraints on the part of NCWSC and the current institutional set up of the water sector in Kenya hinder the establishment of a direct PES scheme between NCWSC and farmers in the watershed. At the same time, some of the current and potential strategies implemented by farmers to deal with climate variability and change have potential negative effects on the provision of ecosystem services, which need to be addressed. PES needs to be embedded in a wider institutional framework and more financial resources made available to foster integration between PES and adaptation to climate variability and change.
Ecology and Society 19(1): 47 http://www.ecologyandsociety.org/vol19/iss1/art47/ up of the interaction between providers and buyers of ES on the one hand, and land use and management practices made by providers that influence ES provision. Climate change can be expected to alter the provision of ecosystem services and to have a direct impact on the social actors involved. A PES system is thus potentially sensitive to impacts of climate change, but could also influence the ability of providers and buyers to deal with the impacts of climate variability and change.
Adaptation to climate variability and change is understood as "Adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects" (IPCC 2007:869) . In this article "adaptation" refers to adaptation expected to reduce vulnerability (Smit and Wandel 2006) to climate variability and change. Adaptation can include increasing adaptive capacity and implementing measures to reduce the impacts of climatic hazards (Adger et al. 2005, Füssel and Klein 2006) . Adaptive capacity involves the asset base or preconditions necessary to implement strategies to deal with climate variability and change Vincent 2005, Nelson et al. 2007 as cited in Brown et al. 2010) and is often characterized with the help of the five capitals: human, social, natural, financial, and physical.
Figure 1 presents a framework linking PES and adaptation (van de Sand 2012a), modified for the local level, where many watershed PES mechanisms operate and where buyers and providers are often located at the same spatial scale. Drawing upon the concepts of vulnerability, adaptive capacity and adaptation, the framework depicts three main ways through which PES and adaptation positively interlink: by influencing provision of ecosystem services, by influencing the different elements of adaptive capacity and by providing an incentive mechanism for ecosystem service providers to adopt specific measures for adaptation to climate change.
Fig. 1.
Framework showing the link between payments for ecosystem services (PES), adaptation, and vulnerability of the coupled social-ecological system. Source: based on van de Sand (2012a) The most direct link between PES and adaptation is demonstrated if there is an overlap between required adaptation measures and provision of ecosystem services. In addition, PES could contribute to increasing elements of adaptive capacity. For example, monetary payments have potential to increase financial capital, while in-kind payments, e.g., provision of drought resistant seeds, can enhance physical capital and/or contribute to the direct implementation of certain adaptation strategies. To what extent PES is able to achieve this depends on a number of factors, which influence adaptation (Adger et al. 2004 ). These include availability of resources necessary for implementation of adaptation strategies, recognition of the need for adaptation, the belief that adaptation is possible and desirable, and a willingness to undertake adaptation. On the other hand, there could be potential trade-offs between implementation of certain measures to deal with climate variability and change and the provision of ES, and between PES measures and adaptation measures, respectively. These need to be taken into account to avoid PES contributing to maladaptation or adaptation measures undermining the long-term viability of the PES scheme.
Analyzing linkages between watershed PES and adaptation to climate change in practice
The framework was applied to a watershed PES scheme in Sasumua, Kenya, to address the following questions:
. What are the impacts of climate variability and change on ecosystem service buyers, providers, and ecosystem services provision?
. Is there a perceived need for adaptation among ecosystem service buyers and providers?
. Is there synergy between required adaptation measures and PES?
. Are there potential trade-offs between adaptation and PES strategies? How can these be minimized?
. Are the resources generated through PES sufficient to fund PES and any additional adaptation measures?
. What are the implications for the future design of PES schemes?
Several reasons influenced the choice of location of the study: First, Africa is regarded as being particularly vulnerable to impacts of climate change (Boko et al. 2007 , UNFCCC 2010 and also suffers from degradation in the provision of ecosystem services (UNEP 2006) . Second, watershed PES is particularly sensitive to impacts of climate variability and change through impacts on the hydrological cycle. Furthermore, compared to other forms of PES schemes, providers and buyers of watershed services tend to be located on the same spatial scale, which facilitates analysis in terms of identification of actors and impacts (Pagiola and Platais 2007, as cited in Turpie et al. 2008) Fig. 2 ; Gathenya et al. 2009 ). The population is predominantly rural and poor, mainly cultivating potatoes, cabbages and carrots.
The watershed supplies approximately 15-20% of Nairobi's potable water, with some areas in the city relying exclusively on it (Neacsu 2003 , Drops of life... 2008 , Sangira and Mango 2008 . The NCWSC operates a treatment plant and reservoir inside the watershed from where water is channeled to Nairobi.
The watershed has historically been considered a wet place with above average annual rainfall (van de Sand 2012b) . However, in recent years, low rainfall and incidences of drought have affected the growing population of farmers and NCWSC. The company is extremely vulnerable to fluctuations in rainfall and is frequently forced to ration water because it cannot satisfy the demand (Water rationing in Nairobi... 2008). The situation was exacerbated in 2003 when heavy rains caused the collapse of the dam spillway (Floods leave... 2003 , Kumba 2008 , Water rationing in Nairobi... 2008 , Sangira and Mango 2008 reducing its storage capacity from 16 million m³ to around 7 million m³ (P. Githinji, Dam Coordinator, Sasumua Dam, 2009, personal communication; P. Mwaura, Dam Coordinator, 2009, personal communication) . Although rehabilitation of the dam in 2011 restored its original storage capacity, current water demand for Nairobi (650,000 m³/ day) is still higher than the available supply (482,940 m³/day; Gathura 2010, Kumba 2010 , Mungai et al. 2011 .
Unsustainable land use practices in parts of the watershed result in degradation of natural vegetation, soil erosion, and siltation (van de Sand 2012b) , and affect the operations of NCWSC, which relies wholly on surface water to fill the reservoir. To address this, the Pro-Poor Rewards for Environmental Services in Africa (PRESA) project, in the World Agroforestry Centre (ICRAF), conducted research to support the development of a PES scheme between upland farmers (ecosystem service providers) and NCWSC. Proposed soil conservation measures (SCM) include grassed waterways and grass filter strips to control soil erosion, thus providing water purification and regulation ecosystem services. The NCWSC can benefit from these interventions in terms of reduced expenditure on water treatment and more regulated flow and is thus a potential buyer of ecosystem services.
METHODS
To address the questions raised above, a combination of approaches was used. Workshops were conducted among ES providers in five different parts of the watershed to analyze perception of climate variability and extremes, need for adaptation, current status of adaptive capacity and current adaptation strategies. The first series of workshops focused on climate variability and extremes, its impact and response strategies in addition to covering general trends and problems that occurred in the watershed. They were attended by a total of 69 farmers. Results were discussed in a joint workshop with representatives from all areas. The second series of workshops analyzed adaptive Ecology and Society 19(1): 47 http://www.ecologyandsociety.org/vol19/iss1/art47/ capacity in more depth and identified adaptation options to increase adaptive capacity and were attended by a total of 48 farmers. The workshops used participatory rural appraisal techniques (including trend and change analysis for key variables over the past 50 years using trend lines and matrixes, seasonal calendar and problem-ranking) together with focused group discussions to analyze exposure to climatic events, assess adaptive capacity, evaluate current coping strategies, and identify adaptation measures. The information gathered from farmers was discussed with local government officials. It was then triangulated with literature sources and meteorological data. Further details about the methodology used can be found in van de Sand (2012b) . This provided the basis to identify synergies and trade-offs between adaptation strategies identified by farmers to deal with climate variability and change, and proposed measures to be implemented under the PES scheme.
The impact of climate variability and change on NCWSC and on ecosystem service provision (improved water quality and quantity) was assessed through hydrological modeling using a range of climate change scenarios as given by downscaled Global Climate Change Models (GCMs). These included a high rainfall and low temperature scenario; and a low rainfall and high temperature scenario. In addition, an extremely dry year scenario and a scenario simulating increased precipitation intensity were simulated to reflect changes in extremes. Downscaled climate change projections were obtained from the Climate Information Portal of the Climate Systems Analysis Group of the University of Cape Town for Nyeri station, which lies approximately 40 km to the east of the watershed, but showed similar seasonal variations in rainfall as Sasumua dam station located inside the watershed. Scenarios were used for the emission scenario A2 and the time period of 2046-2065. These were applied to the control period for which daily meteorological data was available from three stations within the watershed. To choose between different model projections and prepare the data available from the downscaled climate change projections for input into the hydrological model, broadly the approach described by Tadross and Wolski (2010) was followed, which uses percentile changes from different GCMs to capture model range. Of the 10 GCMs provided by the Climate Information Portal, two were removed because of discrepancies between simulated and observed data. For simulating changes in rainfall intensity, the high rainfall (90th percentile of rainfall) and low temperature (10th percentile of minimum and maximum temperature) was modified by applying the projected increase in rainfall only to the three days in the month with the highest rainfall, as suggested by Prudhomme et al. (2002) . For the scenario of an extremely dry year, the year 2000 was chosen based on observed past meteorological records for three stations inside the watershed. Downscaled projections of GCMs were incorporated in the hydrological modeling, using the perturbation method as outlined by Prudhomme et al. (2002) . The hydrological model used was the Soil and Water Assessment Tool (SWAT), developed by the U.S. Department of Agriculture's Agricultural Research Service in the early 1990s. SWAT allows modeling of climate, and impacts of land and water management on water, sediment, and agricultural chemical yields (Arnold and Fohrer 2005) in agricultural watersheds. It has been widely used to study effects of climate variability and change on watersheds in various parts of the world (e.g., Boorman 2003 , Xu et al. 2009 , Sridhar and Nayak 2010 , Bae et al. 2011 , Liu et al. 2011 . To evaluate the perceived need for adaptation and identify adaptation options for the ecosystem service buyer, results from a vulnerability assessment of NCWSC to climate change conducted by the World Bank were drawn upon (Danilenko et al. 2010 ) and complemented with an interview with the dam coordinator at Sasumua dam.
The potential for PES to increase financial capital of farmers was estimated by comparing the opportunity costs of farmers for implementing soil conservation measures with the cost savings gained by the NCWSC through improvements in water quality. Opportunity costs were derived from a willingness to accept a survey among farmers in the watershed that had been conducted by PRESA (Mwangi et al. 2011) , whereas cost savings were derived from the hydrological modeling and expenditure data on water treatment by the NCWSC. From these expenditures potential savings on the part of NCWSC from improved land management were estimated and these were taken as the funds available for implementing PES.
RESULTS

Impact of climate variability and change on ecosystem service providers
Climate change and unreliable rainfall were ranked among the top four problems perceived by farmers in three out of five areas in the watershed. Results from the timeline showed that farmers in the watershed experienced a number of extreme events including dry spell, drought, frost, and heavy rainfall leading to floods, which negatively impacted crop and livestock production (Table 1 ). In addition, farmers identified delayed onset and early onset of the rainy season and strong winds as climatic events that are negatively affecting their agricultural production. Because farmers are dependent on rainfall for agricultural production, they are particularly sensitive to changes in rainfall patterns. Through trend analysis farmers identified a decrease in the amount of rainfall over the past 50 years, which they further described in terms of a reduction in the number of rainy days: "Nowadays, you get rain for 2-3 days, then sun for a week, before rain used to fall continuously. Nowadays, you have more days of sun than rain," and a reduction in the amount of rainfall and in the duration of the short (October, November, December), and long rainy season (March, April, May): "We used to expect the short rains and the long rains. Now the rainfall has reduced, so even for the long rains we experience it for a shorter time." Statistical analysis of meteorological data confirmed farmers' perceptions in terms of reductions in the amount, duration, and number of rain days during the long rains, whereas trends for the short rains could not be confirmed (van de Sand 2012b) .
Adaptation measures by farmers
Although farmers have employed a number of strategies to cope with these events (Table 2) , not all of them are deemed to be effective (van de Sand 2012b) . In addition, farmers are aware of additional strategies (Table 3) , but lack of knowledge, finances, and technology currently prevent them from implementing these. Knowledge, finances, and technology were also identified as (Table 4) . There is thus a high perceived-adaptation need.
Adaptation measures with potential negative impacts on watershed ecosystem service
Some of the strategies shown in Table 2 have potential negative impacts on water quality and quantity. Although farmers regard the application of agro-chemicals as an effective strategy to deal with pests and diseases, they described that their increased use over the past 50 years as depicted in the trend analysis contributed to water pollution, which according to them also increased over the past 50 years. Farmers attributed this to the increased occurrence of pests and diseases as a result of rising temperatures. Although current dry season water quality assessments did not detect critical levels of pesticides (Gathenya et al. 2009 ), further increases in temperature are likely to increase the use of agrochemicals with potential negative consequences for water quality.
Another common strategy is to take cattle for grazing in the forest and other open grassland areas within the watershed in times of fodder shortages. Overgrazing can lead to soil compaction due to cattle trampling, resulting in increased surface runoff, soil erosion (e.g., Descroix et al. 2008) , and a negative effect on water quality. Illegal grazing in the forest has, in fact, been identified as a critical source of siltation by NCWSC and as an issue that needs to be addressed in a recent report on sustainable management of the Aberdare Conservation Area (Mungai et al. 2011) , parts of which are adjacent to the Sasumua watershed.
Abstraction of water from Sasumua River was also cited as a measure to deal with water shortages in the low lying areas of the watershed. This may reduce the amount available for NCWSC, which is already faced with increased competition for water with inhabitants of the watershed.
Synergies between adaptation measures, ecosystem service provision, and soil conservation measures implemented under PES
Soil conservation has been identified as an important strategy by farmers to deal with heavy rainfall events leading to floods (Table  3 ). Soil quality was also identified as an important element of adaptive capacity that needs enhancement to deal with climate variability and other extreme events such as droughts (Table 4) . However, soil conservation measures are not yet widely implemented because of financial constraints, lack of knowledge and skills.
Impact of climate variability and change on NCWSC NCWSC identified climate change as a major problem and considered itself "very vulnerable" to decreased surface water quantity and "somewhat vulnerable" to more concentrated and earlier water flows (World Bank 2012). As shown in climate change has differential impacts on water yield, sediment yield, and concentration. Scenarios 1 and 4, which simulate high increases in rainfall and increased intensity of rain, show an increase in water yield by about 41%, and an increase in sediment yield by about 75% and 104%, respectively. The lower rainfall scenario and the scenario of an extremely dry year, on the other hand, show a reduction both in water and sediment yield. However, most of the scenarios show increases in sediment concentration implying increased water treatment costs, except for the extremely dry year. Although the company has implemented a number of adaptation strategies (Table 6 ) it does not consider itself adequately prepared to deal with impacts of climate change (World Bank 2012), suggesting that there is a high adaptation need on the part of the NCWSC.
Adaptation measures by NCWSC
Climate adaptation measures by NCWSC (Table 6) include activities geared toward watershed protection, such as monitoring changes and improving watershed management by discouraging encroachments and using vegetation to recharge groundwater aquifers and improve the quality of surface water. This shows there is a high degree of awareness about implementing watershed protection measures as adaptation strategies. The company has, for example, planted over 100,000 tree seedlings in the riparian areas under its control (Danilenko et al. 2010) . It has, however, not made any PES agreements with farmers for implementing SCMs on their private lands.
Potential for PES to address NWSC management and climate variability challenges
Implementation of SCMs by farmers in the whole watershed could result in reduced annual sediment concentration (63 -70%) and inflow to the reservoir (70 -75% reduction), but would not have much effect on water yield (Table 7) . For the extremely dry year, SCMs would cause great reductions in annual sediment yield and concentrations (90% and 89%, respectively) and slight increases in water inflow. Although the effect on water yield is small, analysis at a monthly level for scenarios 2 and 4 further shows that some of the increases occur during the critical dry months of the year (January, June, July, August) thus showing positive adaptation benefits (Figs. 3, 4) .
Although implementation of SCMs would lessen the impact of climate change, for scenarios 1 and 4 sediment concentrations are at 285 mg/l and 309 mg/l substantially higher than under baseline conditions (207 mg/l). This suggests that SCMs might need to be adjusted in future, e.g., by implementing additional measures, such as terraces or agroforestry, if costs are to remain constant or reduced over time.
Results suggest that implementing SCMs under PES will have direct positive adaptation benefits for both ecosystem service buyers and providers because the ecosystem services provided through PES corresponds to expressed adaptation needs for both. However, are the savings to be generated through PES sufficient to establish the PES scheme and could they be used to finance additional measures for adaptation?
Costs of implementing the PES scheme
The ICRAF PRESA project estimated the costs for implementing grass filter strips and a grassed waterway, which amount to US$929,000 in the first year (Table 8 ). This includes the opportunity cost of farmers setting aside land for conservation purposes of US$938 per ha per year (Mwangi et al. 2011) , and costs of establishing grass filter strips (US$312.5/ha), and a grassed waterways ($1281.5 per km). Opportunity costs of farmers (US$214,990) exceed the cost savings of NCWSC through improved water quality. The company currently spends US$300,000 per year on chemicals for water treatment representing the cost of purchasing chemicals and a further US$50,000 per year for desilting clogged water intakes (Mwangi et al. 2011) . Assuming that reductions in sediment flow and concentration resulting from implementation of SCMs in the parts of the watershed under agriculture would result in a proportionate reduction in costs of buying chemicals, a cost saving of around US$196,835 per year can be achieved from 65% reduction in sediment concentration. 
DISCUSSION
Implementing soil conservation under PES would address a number of climate change adaptation needs that farmers in Sasumua mentioned, both in terms of increasing adaptive capacity and implementing adaptation measures to deal with heavy rainfall events leading to floods. Although some soil conservation strategies are already being implemented, there are wide areas in the watershed to which it could be expanded. However, lack of knowledge, skills, and finances currently prevent a wider adoption of soil conservation strategies.
Farmers are willing to accept payment to implement SCM to address both their livelihood and adaptation interests and to generate ES for NWSC through a PES agreement. Preliminary analysis, however, shows that on the one hand, opportunity costs for engaging in PES are high for farmers while cost savings of NCWSC are low in the short term. Opportunity costs for farmers are likely to decline in the long run given expected productivity gains that result from the establishment of these practices (Branca et al. 2011 ). Indirectly, PES will also lead to reduction in current strategies that farmers use to cope with/adapt to climate variability and change that have negative effects on ES. By providing an additional source of fodder, the implementation of grass filter strips can potentially reduce pressure on forests and other grassed areas within the watershed. This is likely to have positive effects on the provision of other ecosystem services, such as biodiversity and landscape beauty.
PES can improve adaptive capacity of farmers by providing finances and increasing agricultural productivity through increased soil quality and by providing and additional source of fodder in the long run. The impact on the financial capital element of adaptive capacity, however, depends not only on whether payments made are above the opportunity costs, but also on whether the finances are adequately used. Farmers have low financial management skills as was revealed from discussions with farmers and government officials. There is thus a need to accompany payments with training in financial management to ensure a long lasting impact on financial capital. Furthermore, the timing and manner of cash distribution is likely to affect adaptive capacity in various ways. Making payments through bank accounts rather than through direct cash payments may reduce spending on undesired items, as money is less readily available (Gaarder et al. 2010 , Gertler 2011 . Regarding the timing of payments, the months of greatest stress are January and early September, when school fees have to be paid and August when food, fodder, and water availability are low. During those months need for credit is high. Aligning payments to these periods of the year is thus likely to have additional positive effects on the other elements of adaptive capacity, such as human capital, if payments are used to enhance education and nutrition.
NWSC downstream, which is incurring heavy recurrent costs of water treatment could potentially benefit from SCM. Furthermore, results have shown that the implementation of SCM would substantially reduce the impacts of different climate change scenarios and increase water yield during critical dry periods of the year, thus addressing its long-term adaptation Table 4 . Example for the rating of adaptive capacity conducted for drought in the lower lying areas of the watershed. Ratings were conducted on a scale of 1(very bad current state/very low priority of action to improve the current state of indicators) to 5 (very good current state/very high priority of action) and broadly followed the approach outlined by Roth et al. (2010) and Brown et al. (2010) . needs. However, for NWSC to engage in a direct buyer-provider relationship with farmers in the watershed it must see PES as a good business investment. The preliminary analysis in this paper looking at only the potential for some SCM on water treatment costs shows that on a financial basis alone, there is no short-term incentive for NWSC to engage. The ability of NCWSC to finance PES for reasons other than cost-savings, e.g., corporate social responsibility, is limited because the NCWSC is currently running close to its operating cost (Joffe et al. 2008 , World Bank 2012 . NWSC engagement is also constrained by institutional hurdles. This is because under the Water Act of 2002, NCWSC pays water abstraction fees to the Water Resource Management Authority (WRMA; Msafiri 2008), which is mandated to "manage and protect water catchments" (Republic of Kenya 2002:13). Under the current set up utility companies consider PES a double payment above the statutory levies. However, although payments are made for watershed services, they are not necessarily invested back in the watershed. The willingness and ability of NCWSC to finance PES thus seems to be limited.
Given the expected long-term adaptation benefits for both ecosystem service buyers and providers and the fact that opportunity costs for farmers are likely to decline in future, there is a strong case for implementing PES despite the fact that cost savings of NCWSC are not enough to do so in the short term. There are various options to achieve this.
Options to raise additional funds for PES and climate change adaptation
Raising additional funds on the beneficiaries side Additional funds for PES could be raised in two ways. The first option would require institutional reform, so that part of water abstraction fees paid by NCWSC is retained for use within the catchment. As WRMA is mandated to protect water catchments, these funds could be used to finance additional adaptation measures with positive benefits for ecosystem services, e.g., agroforestry measures in farmers' fields to reduce pressure on the forested parts in the watershed. This will supplement the SCMs to be financed through NCWSC.
A willingness to pay for analysis conducted as part of the PRESA project involving 200 water consumers from areas served by Sasumua reservoir suggests that up to 80% of consumers are willing to pay US$3 on top of their monthly water bills to finance watershed conservation. This translates into an extra US$575,657 per year (Balana et al. 2013 ). This might be another option NWSC could use to finance PES. However, increasing water tariffs requires approval from the Water Services Regulatory Board (WASREB), the body mandated to regulate water tariffs. Mandatory increases would also have to be implemented in the whole of Nairobi and it may not be in line with NCWSC propoor water pricing policy. Alternatively payments could be made through voluntary contributions and by specifically targeting industrial water users. Most of the water in Nairobi is consumed by large scale industries, such as Kenya Breweries Limited and Coca Cola Limited who could be targeted to fund watershed conservation in order to protect their business and for corporate social responsibility reasons.
Complementing PES finances with finances from other sources
Some of the institutions created under the Water Act provide good opportunities for bringing in external actors for catchment management. The Water Services Trust Fund (WSTF) is a propoor public fund designated to finance water and sanitation to marginalized groups (Republic of Kenya 2002). Money from this fund could finance adaptation measures related to the provision of water services, e.g., rehabilitation of boreholes, desilting dams and ponds, and providing water tanks. This would not only benefit farmers, but also NCWSC because it would reduce the amount of water abstracted from rivers directly, thus minimizing potential water use conflicts between NCWSC and inhabitants of the watershed, which could intensify under climate change scenarios and threaten the viability of PES in the long run.
Donor support is a potential source of financing for PES and adaptation measures. Projects that have adaptation, pro-poor and ecosystem co-benefits should be attractive from a donor´s point of view. Long-term involvement of donors in PES projects has, however, often been criticized as creating an over-dependence on donors as the main source of funding thus threatening the long- (2012) term financial sustainability of PES schemes (e.g. Porras et al. 2008) . Complementary funding from donors should therefore be restricted to early phases of the project and should cover one-off investments only.
Raising additional funds through scaling up PES by bundling it with other ecosystem services
Additional funds could also be raised by bundling watershed PES with other ecosystem services provided by the forest, grassland areas within the watershed, and the reservoir itself. The biodiversity value of the Aberdare forest, of which Sasumua watershed is part, has been estimated at US$6,75 billion and PES has been proposed as one of the measures for sustainable conservation of the forest (Mungai et al. 2011) , also because of its importance for other water catchments. In addition, Sasumua reservoir was used as a recreational site for trout fishing in the past (Adams 1975) , a venture that can be revived and supported though PES payments. Furthermore, the watershed is home to a number of endemic bird species (BirdLife International 2009) that can be exploited through promotion of ecotourism. This would also ensure that some of the additional benefits, such as landscape beauty, or "side effects" (Wertz-Kanounnikoff et al. 2011 ) that would accrue from implementation of watershed PES measures would be captured and internalized and that the overall resilience of the natural ecosystem of which Sasumua watershed is part is strengthened by safeguarding the many ecosystem services it provides.
To foster a greater integration between PES and adaptation to climate change a combination of the different options presented above is required, embedding PES in a wider adaptation framework and involving actors from government, private sector, donors, and NGOs. In this way the potential risk of overloading PES with multiple objectives, e.g., adaptation, poverty reduction, ecosystem service provision, instead of focusing on its main objective of ecosystem service provision, a tension that is often summarized in terms of equity vs efficiency in the PES literature (see e.g., Pascual et al. 2010 ) is minimized. Whereas money from the NCWSC and their water consumers would be used to finance SCMs under PES, money from public sources, e.g., government of Kenya, donors, adaptation funds, would be used for financing complementary adaptation measures, start-up costs, and capacity building for adaptation. The institutional structures established under PES could hereby serve as good entry points to conduct further trainings and capacity building efforts for adaptation. As the results have shown, there is a clear need for further training for the implementation and maintenance of SCMs because lack of knowledge and skills in addition to lack of finances currently prevent farmers from adopting SCMs. The structures set up for training and capacity building for SCMs should be used to provide additional training to replace some of the strategies employed by farmers with potential negative impacts on the PES scheme in the long run (e.g., training on zero-grazing and silage making to reduce pressure on grasslands and open areas in the watershed, organic farming, fertilizer and pesticide management to maintain/ improve water quality, and water harvesting) and to increase the other elements of adaptive capacity (e.g., training on financial management, crop and livestock diversification, training on health issues). Thus by embedding PES in a wider adaptation framework the essential features of a PES scheme, i.e., conditionality, additionality, voluntary transaction, will be retained but complemented with additional finances and capacity building efforts for adaptation from other actors. This form of nested approach, in which PES financed through the private sector is embedded in a larger adaptation context, is similar to the one described by Lipper and Neves (2011) , who argue for a greater integration of the public and private sectors for PES programs that promote sustainable agricultural development.
Lessons learned and implications for watershed PES schemes in Africa
Many of the challenges experienced by the PES scheme in Sasumua are similar to those discussed in the wider PES literature. High design and implementing costs , particularly in Africa (Berttram 2011) , are believed to be one of the main reasons why watershed type PES schemes failed to take off (Porras et al. 2008 , Stanton et al. 2010 . The reluctance of the private sector to engage in PES deals has also been shown in the Naivasha catchment in Kenya, where water users claim that they are already paying water user fees to WRMA (Boonstra 2010) . Limited financial resources resulting from low operating cost coverage and poor financial and commercial management are a common problem faced by many sub-Saharan African water utilities (Dillaha et al. 2007 , Banerjee et al. 2008 . Furthermore, Dillaha et al. (2007) regard poverty and low connectivity to water services as serious impediments for the further development of watershed PES in Africa.
Therefore, does that mean that watershed PES in Africa are unlikely to materialize in the future? Although it may be difficult to establish PES schemes based on water utilities as the sole source of financing, adopting an adaptation lens on PES and embedding PES in a wider adaptation framework presents an opportunity for the further development of PES schemes in Africa. In this respect, the question of whether ecosystem service beneficiaries would be willing to spend additional money on adaptation measures should be further explored. The Sasumua watershed, for example, is not only an important source of water, but also of food for the residents of Nairobi. Assisting farmers to adapt to impacts of climate change and sustain food productivity is therefore in the interest of Nairobi residents. Although WertzKanounnikoff et al. (2011) suspect that there might be a limited willingness to finance ecosystem-based adaptation through PES, other researchers suggest that this might not be the case. A survey conducted among firms in Costa Rica, for example, found that the main motivation for investing in ecosystem services included a desire to contribute to human welfare, ecological responsibility, and expected image benefits (Koellner et al. 2010) . Results from a willingness to pay analysis among industrial water users in Indonesia also found willingness to pay to be strongly influenced by bequest values (van de Sand 2004) . These findings suggest that contrary to economic theory underpinning the establishment of PES schemes, nonfinancial benefits might be equally important so that there might well be a motivation for financing adaptation measures in addition to the provision of ecosystem services.
CONCLUSION
In this article we have shown that by promoting environmentally benign land uses in the watershed to secure water quality, the proposed PES measures can have positive adaptation benefits for both ecosystem service providers and the main ecosystem service buyer, Nairobi City Water and Sewerage Company. Using hydrological modeling and climate change scenarios, we provided scientific evidence on the linkage between implementation of SCMs and water quality and quantity benefits for NCWSC under present day and climate change conditions, a link that is commonly missing in many watershed PES schemes (Porras et al. 2008 ). However, current institutional set up in the water sector and financial constraints on the part of the NCWSC hinder the establishment of a direct seller-buyer PES. Institutional reform and embedment of PES in a wider framework that includes collaboration with other actors is required to foster greater integration between PES and adaptation. PES should also be Thomas et al. (1997) . For deriving cost estimates, the methodology outlined in Onduru and Muchena (2011) was followed, using local prices and cost estimates derived from farmers in the watershed at the time of study.
scaled up by bringing in other buyers and additional ecosystem services, such as carbon sequestration, wildlife habitat, and landscape beauty that could be targeted for ecotourism purposes. Although making PES proadaptation involves a greater effort than establishing a normal PES scheme, harnessing synergies between PES and adaptation and embedding PES in a wider adaptation framework presents an opportunity to further advance watershed PES in Africa. For achieving more effective adaptation outcomes PES should be combined with vulnerability assessments and climate scenarios to ensure that adaptation is factored in from the beginning rather than becoming an "accidental" outcome, as described by Wertz-Kanounnikoff et al. (2011). Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/6199
